The effect of energy source in diets on duodenal flow of bacteria N and fatty acids was measured in an experiment on four sheep in a 4x4 Latin square design. The basal diet for control animals consisting of 40% concentrate and 60% meadow hay was supplemented for experimental animals with 6% of rape seed oil, saccharose, or starch as an additional energy source. The energy supplement did not change rumen pH (P>0.05), but decreased (P<0.05) rumen ammonia-N from 41.6 mmol in the control group to 15.6,17.5 and 23.3 mmol in groups receiving rape seed oil, saccharose, or starch, respectively. A similar declining tendency was found for total volatile fatty acids and the majority of individual ones. Duodenal flow of bacteria N calculated from 2,6-diaminopimelic acid content was not significantly affected by the diet. The ratio of 2,6-diaminopimelic acid to total nitrogen content in digesta was lower in control than experimental groups, indicating a higher proportion of bacterial protein in the digesta of animals receiving additional energy in diets. The proportion of unsaturated as well as saturated fatty acids in the digesta of animals fed diets supplemented with starch was lower (PO.05) than in the remaining groups. The duodenal digesta of animals fed the diet supplemented with rape seed oil contained significantly higher (PO.05) polyunsaturated n-3, monounsaturated and saturated fatty acid proportions compared with the remaining groups. These results demonstrate that feeding sheep with diets supplemented with energy decreases ammonia and volatile fatty acid levels in the rumen fluid whereas only addition of rape seed oil increases the proportions of polyunsaturated n-3, monounsaturated and saturated fatty acid in the fat of duodenal digesta.
INTRODUCTION
Ruminants usually lose body weight during the early lactation period as a result of body energy being drawn to satisfy requirements for increased milk production (Chouinard et al., 1998) . Supplementing the diet with starch or fat as energy sources may overcome limitations in energy supply, however, fat may restrict microbial protein production in the rumen (Kowalczyk et al., 1977; Khorasani and Kennelly, 1998) . Energy sources increase the energy density of the diet but their supply to the diet affects the amount and composition of products such as milk or meat. Beef and dairy products suffer from a negative health image related to their lipid fraction (Demeyer and Doreau, 1999) . The amount of saturated fat in the diet correlates more strongly with the incidence of cardiovascular diseases than total fat intake. In contrast, the consumption of unsaturated fatty acids appears to be beneficial, since it is inversely correlated with the plasma cholesterol concentration and the risk of myocardial infarction (Windier, 2000) . Brzoska et al. (1998) indicated a direct correlation between the levels of dietary 0)3 (n-3) fatty acids and reduced incidence of hypertension, atherosclerosis, and/or cardiovascular diseases. Ruminant products of appropriate fatty acid composition might be a source of health-promoting substances, which are beneficial in prevention and treatment of various diseases ranging from headache to heart problems, cancer and oxidative stress (Chen et al., 1999) . From this point of view, the fatty acid composition of fat in the diet or reaching the duodenum might be more important than the amount of fat as an energy source in the diet. The fatty acid composition of animal products such as meat or milk is correlated with fatty acids reaching the duodenum and their absorption in the small intestine. Moreover, fatty acids ingested with dietary fat undergo transformation in the reticulo-rumen through biohydrogenation processes that derive desirable conjugated isomers of linoleic acid (Bessa et al., 2000) .
The aim of this study was to investigate the effect of different energy sources in the diet for sheep on fatty acid composition in duodenal digesta and their influence on microbial protein synthesis in the rumen.
MATERIAL AND METHODS

Animals and diets
The experiment was carried out on four sheep of 40±4 kg body weight fitted with permanent ruminal and duodenal cannulas in a 4x4 Latin square design with 16-day periods. The sheep were housed in individual cages with free access to fresh water and fed a 900 g daily ration in two equal portions at 08.00 and 18.00. The basal diet for control animals consisting of 40% concentrate and 60% mea-dow hay and containing 5.04 MJ NE and 132 g crude protein per kg was supplemented with 54 g of rape seed oil, 54 g saccharose or 54 g starch, as additional sources of energy. The animals were adapted to the diet for 14 days and in the last 2 days of each period samples for analysis were collected.
Sampling and analysis
Feeds were sampled weekly throughout the experiment. Samples of duodenal digesta representing 10% of total digesta passage were collected continuously from sheep for 2 d starting at 08.00 h on day 15 of each period. Composed samples were thawed, homogenized and lyophilized for analysis for fatty acid composition and 2,6-diaminopimelic acid (DAPA) content. Samples of rumen fluid were taken before feeding, 3 and 6 h after feeding, using a simple device described by Szumacher-Strabel et al. (1998) . In the rumen liquid samples taken before the morning feeding, 3 and 6 h after feeding, pH was measured potentiometrically, ammonia concentration according to Conway (1962) and volatile fatty acid concentration and their proportions according to Ziolecki and Kwiatkowska (1973) using gas chromatography Chrom 5 equipment. DAPA acid concentration in duodenal digesta was analyzed as a marker of bacterial protein content according to Czauderna and Kowalczyk (1999) using an HPLC method with pre-column derivatization. Long-chain fatty acids were determined in duodenal digesta according to Czauderna at al. (2001) .
Statistical analysis
All data were analyzed using SAS procedures (User's Guide, 1990).
RESULTS
The mean concentrations of rumen NH 3 -N, VFA and pH were affected by the diets (Table 1 ). All supplemented energy sources significantly decreased ammonia and VFA levels in the rumen liquids (P<0.05) but the pH value was only slightly higher compared with that of the control group. The proportion of propionate to acetate in the rumen liquid of animals receiving starch as an energy supplement was higher than in the remaining groups, but the proportion of butyrate to acetate was higher in the rumen of animals receiving diets supplemented with saccharose or starch than in the rape seed oil or control group.
The concentration of all determined long-chain fatty acids (unsaturated and saturated) in duodenal digesta was significantly lower on the diet supplemented with starch (P<0.05) whereas the diet supplemented with rape seed oil caused an increase in the concentration of PUFA n-3, MUFA and SFA (PO.05; Table 2 ). The fatty acid content in duodenal digesta of animals fed the diet with saccharose was similar as in control group.
Duodenal flow of microbial protein with digesta was similar in all experimental groups and higher, but not significantly (P>0.05), than in control animals. The percentage of DAPA in duodenal digesta protein was also slightly higher in experimental animals than in control groups (Table 3) . 
DISCUSSION
Dietary fat enhances energetic efficiency in high producing ruminants by increasing total energy intake generating ATP more efficiently than carbohydrateorigin volatile fatty acids or protein, by direct incorporation into the product, and by promoting nutrient partition toward milk production (Palmquist, 1994) . However, the use of large amounts of fat, in contrast to easily fermentable carbohydrate, for ruminants is limited by numerous factors such as the inhibitory effect on rumen microorganism growth, changes of rumen fermentation pattern, decrease of fibre digestion and nutrient absorption (Kowalczyk et al., 1977) .
Dietary fat supplementation increases the energy density of the diet, but its influence on nutrient supply to the animal depends on the digestibility of the fat source and on the effects of the added fat on intake, rumen fermentation, and digestibility of other dietary components (Khorasani and Kennelly, 1998) . Similar reactions are found with other energy sources.
The results of Kalscheur et al. (1997) indicated that the flow of trans-CAS'A into the duodenum was higher for cows fed diets supplemented with fat than for cows fed a control diet (283 vs 64 g d" 1 ). The present experiment confirmed this result, as addition of rape seed oil into the diet caused a significant increase of the amount of all fatty acids entering the duodenum compared with controls. Also Elliot et al. (1999) observed that flows of total fatty acids were greater by supplemental fat and were even greater than their intake. This effect confirms that fat is rather poorly absorbed from the forestomachs. A different effect was obtained when starch, as a source of energy, was added to the diet as the amount of fatty acids entering the duodenum was in this case smaller than in animals fed a control diet, indicating that part of the fat provided with feed was already utilized in the developed stomach of ruminants before reaching the duodenum. The amount of all fatty acids entering the duodenum of animals fed a diet supplemented with saccharose was similar compared to the control diet ( Table 2) . The results obtained in this experiment clearly demonstrate that the type of energy provided to ruminants with the feed ration may affect the amount of unsaturated and saturated fatty acids reaching the duodenum.
Duodenal flows of bacterial N were not significantly affected by the diet but in all experimental groups DAPA tended to increase in comparison with the control group (Table 3) . The results of the experiment carried out by Hussein et al. (1996) also indicated that fat supplementation from canola seed (at 5% of dietary DM), in either form, had no effects on ruminal N metabolism or flows of amino acids to the duodenum and suggest that treated whole canola seed may stimulate ruminal bacterial protein synthesis. In our previous experiment on sheep given different energy sources, we did not find a deleterious effect of fats on microbial synthesis, which tended even to be slightly higher than in animals fed control diets (Szumacher-Strabel, 1998) . These results indicate that the energy available from the control diet was not a limiting factor for microbial synthesis in the rumen.
The concentrations of ammonia N and VFA in the rumen were significantly depressed by the experimental diet related to the controls, but the pH of rumen fluid did not differ significantly between the groups of sheep (Table 1) . All values of indices obtained for rumen fluid fell well within physiological values. Similarly as in experiments on sheep carried out by Kowalczyk et al. (1977) and Schauf et al. (1992) , we also observed a tendency to depress rumen ammonia concentration by dietary energy sources. The lowest ammonia level in the rumen of sheep fed the diet supplemented with fat compared with other groups of sheep was caused by relatively high addition of rape seed oil. A similar effect was found on the diet containing saccharose, which is fermented, delivering energy for bacterial synthesis in the rumen faster than starch, therefore the ammonia level differed significantly. The concentration of total VFA in the rumen was significantly lower in sheep receiving the experimental diet compared with the respective values in the control group, and corresponded to the lowest pH value.
The molar proportion of acetate was similar in the rumen fluid of sheep fed control and rape seed oil-supplemented diets and higher than in those fed diets with saccharose or starch, but the butyrate proportion was the lowest (Table 1) in the rumen fluid of sheep fed the control diet, which indicates a different type of fermentation in the rumen of animals fed diets with different sources of supplemental energy.
CONCLUSIONS
The results of this experiment indicate that supplementing about 6% of fat or easily fermentable carbohydrate, saccharose or starch, as energy sources to diets for sheep depresses ammonia and volatile fatty acid levels in the rumen fluid but does not significantly influence the amount of bacterial protein reaching the duodenum. More saturated and unsaturated fatty acids are delivered to the duodenum with digesta when rape seed oil than when saccharose or starch are added to the diets as an energy source. Supplementing diets for ruminants with vegetable oils containing desirable unsaturated fatty acids creates the possibility of their passage to the small intestine and their absorption, with possible improved meat and milk quality.
